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AB TRACT 
Previous obsen·ations on suction blisters have indicated that dermal-epidermal ad-
herence is of a viscous nature. However. very small pressure differences over the epi-
dermis ~tenerally fail w produce blis tering even over extended periods of time. This sug-
gests that a second. nonviscous, element is involved tn the adherence of epidermis and 
dermis. 
In the present study experiments with interrupted suction were performed. Results 
demonstrate a process of repair, or regeneration of the adherence, operating with a time 
constant of less than 1 hr. This process of repair may be described mathematically as an 
elastic component in the adherence. suggesting the involvement of elastic s tructures. A 
process of active reattachment originating from the epidermal cells could also account for 
the observations. 
We believe that failure of the repair mechanism. followed in turn by rupture nf the viscous 
bond due to small local pressure differences, may be the cause of some types of experi-
mental and clinical bli::.tering. 
We have previously presented data that epider-
m is and dermis are connected by a viscous bond [1, 
2]. These studies dealt with suction blisters. In the 
first , evidence was presented that over a wide 
range of suction pressures the product of suction 
pressure (p) and blistering time (t0 ) was constant; 
this is the relationship to be expected when the 
dermal epidermal bond was of a viscous nature. 
The product of p and tb was denuted by A, stand-
ing for adherence. The second investigation showed 
that the adherence decreased, to a J!Ood approxi-
mation, exponentially with increase in skin tem-
perature; this type of dependence on temperature 
is the same as that known for viscosities. 
A viscous connection is able to withstand even 
strong forces. provided these operate over a short 
time. Over longer periods of time, howe,·er. a 
viscoub bond will yield to any separating force, 
however small it may be. lf viscosity were the 
complete explanation of the adheren ce of epider-
mis and dermis , small suction pressures should be 
able to cause blistering just as well as larger 
pressures; the only difference would be a longer 
time requirement for the smaller pressures to cause 
blistering. 
It seems, however. that the dermal- epidermal 
junctiOn is able to withstand small separating 
pressures for practically unlimited period" of time. 
Although there is some disagreement in the litera-
ture with respect to the value (and even the sign) of 
the interstitial fluid pressure in normal skin [3, 4 ], 
it is generally agreed that in edematous skin the 
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interstitial fluid pressure is above atmospheric 
pressure; in subcutaneoub pit ling edema intersti-
tial fluid pressures of +6 mm Hg. or more, may be 
found ]4]. With regard to the pressure difference 
over the epidermis, the si tuation in edematous skin 
with an interstitial pressure of + 6 mm Hg is 
equivalent to that in s kin with atmospheric pres-
sure in its interstitium. which is exposed to an 
external suction pressure of 6 mm Hg. The blister-
ing lime corresponding to such a suction pressure 
may be calculated by means of the inverse propor-
tionality of blistering time and suction pressure 
]1]. If in normal skin a suction pressure of 250 mm 
Hg causes blistering in 60 min, for instance, a 
suction pressure of6 mm Hg would do so in (250/6) 
· 60 2.')00 min. or 42 hr. So. if there were only a 
viscous connet·tion. edematous skin would develop 
blisters wnhin 2 days. The hUgge~tion that in 
normal skin the interstitial pressure is also posi-
tive, and between + 1 and +5 mm Hg (3], would 
lend. by the same reasoning. to blistering times 
between 2 and 10 days for normal ~o.kin . However, 
normal skin never blisters spontaneously, and 
edema of the skin, even persistent edema. is not 
usually accompanied by blister formation. An 
interpretation of dermal epidermal adherence only 
in terms of ' 'iscositv does not account for these 
obsen·ations; there ~ust be some additional mech-
anism or system to keep epidermih and dermis 
attached against a continuously acting. disrupting 
tendem·y like that of a small positive tissue pres-
sure . 
Rupture of a viscous bond due to small forces 
could be prevented, for instance, by a system 
providing the viscous bond with a yield value: a 
critical ~tre~R below which no viscous now or slip 
may occur. regardless of the exposure time. Such a 
mechanism could consist of a system of weak but 
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solid fibers connecting epidermis and dermis. 
These fibers should be strong enough to withstand 
a tissue pressure of about + 6 mm Hg indefinitely, 
but weak enough to be hardly noticeable in experi-
ments with suction pressures of 100 mm Hg and 
more. These more rigid connections of epidermis 
and dermis might also be incorporated in the 
viscous adherence itself, if the adherence were by 
means of a gel in which no viscous flow occurred 
until the shearing stresses exceeded a certain 
threshold value (yield value). 
A very different type of mechanism to keep the 
epidermis attached to the dermis against small 
disrupting forces might be some process of readher-
ence by which the damage done to the adherence by 
the disrupting forces was restored . It is known, for 
instance , that basal cells have the ability to move 
and to attach themselves to an adequate base [5 ]. 
The ability of these cells to attach actively could 
play a role in the maintenance of dermal -epider-
mal adherence. 
Starting from the hypothesis that some mecha -
nism is needed to prevent the formation of blisters 
under the influence of small but continuously 
acting forces. we arrived at the experiments re-
ported in this paper, attempting to discriminate 
between the possibilities of a yield-value mecha-
nism on the one hand and a mechanism ofreadher-
ence on the other. If there is a process of readher-
ence continuously counteracting a positive tissue 
pressure, it may also be expected to reinforce 
dermal- epidermal adherence if the latter is re-
duced by suction . A yield -value system would not 
be able to repair a reduced adherence. 
MATERIALS AND METHODS 
The suction chambers used in the experiments have 
been described elsewhere [2]. They allow measurement 
and control of skin temperature and continuous observa-
tion of the exposed skin. ln all experiments the suction 
orifice was 10 mm in diameter. Blistering time. lb. is de-
fined as the duration of suction until the appearance of 
the first small blisters, of about 0.5 to I mm. 
The blistering time of a certain skin field is estimated, 
the estimate denoted by rb. (Various means of estimation 
have been used and these will be discussed below) . 
Suction was applied to the skin field during a time ' ·T •. 
Then, suction was interrupted during an interval in 
which the skin was exposed to the normal atmospheric 
pressure. At the end of the interval the suction pressure 
was reapplied to the s kin field until blistering s tarted . 
The suction time needed in this second exposure is 
denoted by t •• the length of the interval by t, . 
U no change of the adherence occurred during the 
interval, then t. would be expected to equal 1 zt •· the 
remaining half of the blistering time. If, however, the 
adherence was partly or totally repaired during the 
interval, then r. would exceed 1zl • . Or expressed in 
formula : 
(1) 
In case of actual repair. the expected value of ~~ ranges 
from 0 (zero) to 1 1t • • As an operational defin ition of the 
repair, R, we used: 
(2) 
so that R would be expected to vary between 0 and l, the 
extremes indicating " no repair" and "complete repair," 
respectively. 
The accuracy with which the repair could be deter-
mined depended strongly upon the accuracy of the 
estimate of blistering time. Three methods to estimate tb 
were used and they will be described briefly. 
(a) In an early stage the results oft. determinations on 
one arm were used as tb estimates for the corresponding 
site on the other a rm; but systemat ic differences with 
respect to suction blister formation between the arms of a 
subject enlarge the errors in the estimates. This method 
gave considerable spread (cf. Fig. 2, subject WB) and was 
abandoned. 
(b) Ln another method the blistering time at a certain 
skin field was estimated from observa tions on adjacent 
skin fields on the same arm. Blistering times at two skin 
fields spaced 7 to 12 em apart on the longitudinal axis of 
the arm were determined first. The average of the values 
obtained (f b) was used as an estimate of the blistering 
time of the skin field between tbe two. 
(c) From the results obtained with method {b) it 
became apparent that the blistering time was correlated 
with the position of the field on the arm. This correlation 
has been used in estimating the blistering t ime of a skin 
field from its position. For this purpose a system of 
rectangular coordinates was defined on the llexor side of 
the fo rearm, based on two salient points as illustrated in 
Figure I . Blis tering lime was determined as a function of 
the coordinates defined . Results with two subjects are 
represented in Figure l. It appears that along the flexor 
side of the forearm blistering time tended to increase 
toward the wrist. The patterns of variation differed 
somewhat between subjects. These patterns seemed to be 
rather permanent, however, for a particular subject. 
Many bl ister experiments during a year (with the excep-
tion of a few summer months) in the same small skin area 
on the forearm showed that the blistering time remained 
constant throughout the year. The in-'ividual measure-
ments scattered around the average value with a stan· 
dard deviation of a bout 7%. 
Method (c) is more accurate than the other methods 
used, and it is time-saving when series of repair measure-
ments a re to be conducted on one subject. Method {a) 
was used with s ubject WB, method (b) with subJects JV 
and EB, and method (c) with subject KD. 
In the earlier experiments the suction chamber was 
removed from the skin during the repair interval in order 
to prevent any influence of pressure exerted by the 
chamber that was secured with elastic bands on the skin . 
Skin temperature during suction was 35°C (WB and JV) 
or 36°C (EB a nd KD); during the interval the field was 
covered with normal clothing (WB and JV) or cotton wool 
CEBl. In later experiments, for the purpose of controlling 
skin temperature through the interval, the suction cham-
ber was kept in posit ion during the interval (KD) . 
Control measurements had shown that the pressure 
exerted by the suction chamber did not noticeably 
influence the results. 
RESI..'LTS 
Repai r was measured for various values of the 
time interval. The measuremen ts were performed 
on the flexor sides of the forearms of four healthy 
male volu nteers: WB, .J V. EB, and KD aged 23, 43, 
26, and 29 years, respectively. Suction pressure 
was 250 mm Hg. Skin temperature was 35°C or 
36°C. Repair (R) as a function of the length of the 
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FtG. 1. Determination oft. as a function of location in a 
coordinate system on the flexor side of the forearm. The 
origin ~f the rectangular coordinate system is the point on 
the skm where the most distal flexure line in the cubital 
f?ssa crosses l~e bi~eps tendon. The abscissa is a straight 
ltne on the skm dtrected toward the point at the wrist 
where the proximal flexure line crosses the tendon of the 
palmaris longus muscle. The results presented here were 
obtained at points close to the abscissa (y=Ol. 
interval (t1) is represented in Figure 2. The results 
show that there was indeed repair, and that it was 
similar for all subjects tested. The curves may be 
interpreted as depicting the repair process as it 
proceeded with time during the interval. Repair 
increased gradually with increasing length of the 
interval. Approximately complete repair (R-::::1) was 
achieved in about 2 hr; after such an interval, 
blistering time had reached its full initial value. 
For theoretical considerations with respect to 
these results it is of interest to know the type of 
mathematical expression that can describe the 
relationship found . The curves drawn in Figure 2 
are best fits of the exponential function: 
R 1 exp( - t/T), (3) 
the time constant T having the values 4~. 54, :39, 
and 37 min for subjects WB, .JV, EB, and KD, 
respectively. However, the results should not be 
considered as being decisive regarding the type of 
function that describes them: they can be equally 
well described by the expression: 
R cVt: (4l 
where C is a constant. In this description R 
increa~es with the 11quare root of time, until it has 
reached a limitin~:t value of R 1. There is too 
much spread in the measurements to distinguish 
between the functions gh·en in equations (3) and 
(4). 
Although blistering time depended relatively 
strongly on skin site (F'ig. 1) , results of repair 
measurements at constant interval did not seem lo 
he inl1uenced by the position on the forearm . 
DISCliSSIO 
The measurements demonstrated a gradual re-
turn of dermal epidermal adherence to its initial 
value within a few hours after a denease to half of 
the initial value. This process was completed 
within a few hours, a time much shorter than the 
renewal time of the basal layer. This phenomenon 
of rapid repair adds a new aspect to nur knowledge 
of the adherence of epidermis and dermis. 
As already pointed out. models of viscous adher-
ence [1. 2] require an additional mechanism pro-
tecting the viscous bond against rupture by long-
coni inued small forces. The repair found experi-
mentally demonstrates that this mechanism is not 
a yield-value system but rather some process of 
readherence. The repair of the adherence, as it bas 
a time constant of less than I hr. is sufficient to 
prevent separation by pressures, such as occur in 
edematous skin. which would otherwise cause 
separation in l or 2 days. 
Kiistala [6] has reported blistering experiments 
at low suction pressures (p = :>O mm Hg) . He 
reported disproportionately long blistNing times at 
these low suction pressures, which he interpreted 
as being due to the approach of a thre11hold suction 
pressure at which blistering never takes place. This 
agrees well with our results; the repair phenome-
non reported in the present paper will probably 
manifest itself as such a limiting suction pressure. 
with which the repair process is jus t able to cope. 
We will now discuss the processes that may 
underlie the observed spontaneous repair of the 
adherence. The main distinction between possible 
mechanisms for thL'l repair will be that they are 
either passive or active. With passive processes we 
mean those processes depending only on physi-
comechanical properties of the cutaneous tissue!\, 
while with active processes we mean those depend -
ing on the cells' metabolism, such as locomotory 
processes or processes of active synthesis. 
Passiue Elastic Repair 
In every model of a viscous adherence there will 
be some variable in the model, which changes 
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FIG. 2. Repair a~ a function of the length of the interval. The dots represent single determinations of R. except in the 
ca~e of .J\' where the point~ are average!> of two individual reliuh<l. The lines represent best fits of the function R - 1 -
exp( td rl. The time con~tant r has the values 43, 54, 39. and 37 min for WB. JV, EB. and KD, respectively. 
gradually with the time of exposure to the external 
force . In such models, separation occurs whenever 
that variable exceeds a certain value. Tn real skin 
one might think of a slow s lipping apart of the lwo 
skin layers. The variable mentioned above could be 
the distance over which the slip has proceeded 
after a certain exposure time. It appears that in 
such viscosity models repair of the adherence may 
be described as being accomplished by an elastic 
force-a counteracting force which is proportional 
to the momentary "di:.tance'' over which the s lip 
has proceeded, like the force in a spring which is 
directly proportional to the extension. In models of 
viscous adherence an elastic-like repairing force 
leads to a mathematical relation between the 
repair (R) and the interval (l1) similar to that of 
formula (3) . 
The apt description of the results presented so 
far with an elastic-like repai ring force may point to 
the involvement of elastic materials in the adher-
ence of epidermis and dermis. Kobayasi [7 J has 
reported the existence of fibers running between 
dermis and epidermis al the sites of the hemides-
mosomes and he suggested that these are elastic 
fibers . In case the viscosity determining der-
mal epidermal adherenc-e is present as an inter-
digitational viscous film Ill, small elastic forces 
might effect repair by simply bringing separated 
parts together. In that case other elastomers in the 
skin than those eventually incorporated in the 
dermal epidermal bond could be responsible for 
the observed repair. 
Actiue Reparr 
Instead of a repair process based on passive 
physicomechanical properties of tissue elements, 
one might think of an active readherence based on 
metabolic processes. Such a hypothesis would 
correspond with the many suggestions in the litera-
ture that point to the importance of epidermal cell 
viability for dermal epidermal adherence. As early 
as 1900 Merk 181 stated. while reproaching his 
contemporary Weidenfeld for considering blister 
formation only in terms of physical forces and 
pressures, that blistering could often be ascribed to 
an insufficiency of cellular functioning. Vamos et 
al [9] advanced the hypothesis that the occurrence 
of blisters caused by various factors depended on 
one general principle. disturbed oxidation proc-
esses in the cells. Stoughton jlOJ com mented that 
vesicants like arsenicals and mustard gas bound 
sulfhydryl groups which were essential to metabo-
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lism. If the observed repair indeed depended on 
some cellular activity it would require energy and 
as such it would be linked in some way with 
carbohydrate metabolism. 
Active read herence might be effected, for in-
stance, by motile activity of the epidermal basal 
cells. From many observations reported in the 
literature over the years, it is evident that the 
epidermis is a dynamic structure in continuous 
activity and change; cells are formed and other 
cells are pressed away. pinocytosis occurs [11], 
cells may migrate over appreciable distances if 
space is available [12], and the cells are probably 
in fierce competition for a limited supply of nutri-
ents [13]. According to the views of Ryan [14) 
concerning the direction of epidermal growth, 
basal cells actively ·•try" to move into the direction 
of the dermal capillaries, toward their sources of 
metabolities. The active inward stirring, as Ryan 
called it. may not only be a need for the individual 
cell to survive as a basal cell; it may at the same 
time serve to maintain the integrity of the organ by 
consolidating the attachment of epidermis and 
dermis. 
Active repair could also be accounted for by 
other than locomotory processes: a rapid forming of 
new (viscous) bonds could repair the adherence. 
Desmosomal junctions between keralinocytes have 
been reported to form within 20 min in cell culture 
[15); this might also hold true for the hemidesmo-
somes of the dermal- epidermal junction. 
In most of the literature on the mechanism of 
blister formation the problem of the subepidermal 
blisters has been how the blistering agent breaks 
the bond between the two skin layers. The agent 
ultimately effecting the break is usually thought to 
be an enzyme [16). The views developed in the 
present s tudy open up an additional possibility. As 
several observations point to a viscous connection 
of epidermis and dermis. the question becomes 
why blistering is not the usual course of affairs. 
The repair process provides the answer, and is 
quantitatively ample for normal and for edematous 
skin. u· the repair process fails, however, even a 
slight. separating tendency such as a positive tissue 
pressure can cause separation. This could occur 
without the need of any enzymatic action. These 
considerations suggest that certain types of subepi-
dermal blisters, in disease or in experimental 
situations, might be related to an insufficient 
repair of dermal- epidermal adherence. 
The authors would like to thank Harvey Blank, M.D. , 
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